INTRODUCTION {#sec1-1}
============

Anthracyclines are the most frequent cause of iatrogenic congestive heart failure ranging from acute reversible minor to irreversible reduction in the left ventricular (LV) ejection fraction and death despite preventive measures.\[[@ref1]\]

Serial surveillance for cardiotoxicity in patients receiving anthracyclines has most commonly centered on the assessment of LV systolic function by standard echocardiography.\[[@ref1][@ref2]\]

The development of new quantitative echocardiographic techniques, such as ultrasonic strain (S) and strain rate (SR) imaging,\[[@ref3]\] has enhanced our ability to noninvasively assess regional myocardial function.

We investigated the LV function, using Doppler derived S and SR imaging, in long-term survivors affected by acute lymphoblastic leukemia (ALL) treated with a low cumulative dose (≤210 mg/m^2^) of anthracyclines, and in presence of a normal global LV systolic and diastolic function, as assessed by standard echocardiography.

MATERIALS AND METHODS {#sec1-2}
=====================

The study population was recruited between January 1983 and December 1990 at the Pediatric Oncology Service of Second University of Naples and studied at the Pediatric Cardiology outpatient clinic of the same University.

All patients were affected by ALL: Of the original 112 patients diagnosed in that period, 44 were excluded because died of disease, 30 declined the invitation to undergo Echocardiogram, and 16 were excluded for inadequate echocardiogram. The remaining 21 patients, who were in continuous remission, presented no cardiac symptoms, have been treated with a low cumulative dose of anthracyclines (≤210 mg/m^2^), and had received the last dose at least 10 years previously, were considered eligible for the study.

In this group, mean age at diagnosis was 3.6 years (range 1-11 years) and the mean of follow-up interval from last dose of anthracycline was 15.7 years (range 11-20 years). The mean cumulative dose of anthracylines was 180 mg/m^2^ (range 120-210 mg/m^2^). All patients were recruited in Associatione Italiana Ematologia-Oncologia Pediatrica-ALL protocols. In detail, 1 patient was enrolled in 8201-protocol; 5 patients in 8202 protocol; 12 patients in 8702 protocol; and 3 patients in 8703 protocol.

The control group consisted of 21 healthy subjects, comparable for age and sex. All patients and controls gave written informed consent to participate in the study. The study protocol was approved by our institutional ethics committee.

Both the standard echocardiographic study and the color Doppler myocardial imaging (CDMI) data were digitally stored and all the measurements were performed off-line by 2 independent observers who were blind to the clinical status of the subjects.

Echocardiography measurements were taken with a System Seven (GE, Norway). LV measurements were taken from two-dimensional guided M-mode tracings.

The standard echocardiographic study has been performed following a standard methodology.\[[@ref4]\]

The myocardial performance index (MPI), defined as the sum of isovolumic activity (isovolumic contraction time and isovolumic relaxation time) divided by ventricular ejection time, was measured following a previously described protocol.\[[@ref5]\]

All CDMI data were acquired at a frame rate of 220 ± 15 frames/s (GE Vingmed System Seven; 3.5 MHz). Our methodology for CDMI study has been previously described.\[[@ref6]\]

Peak systolic S and SR values were used for the analysis.

Statistical analysis {#sec2-1}
--------------------

The normality Kolmogorov-Smirnov test was performed to determine whether continuous variables were normally distributed.

Data are presented as the mean value ± standard deviation (SD). A comparison between groups of continuous variables was performed by using the Student\'s t test, whereas skewed distributed variables were compared by using the rank Mann-Whitney *U* test. Categorical variables were compared by using the chi-square test.

A *P* value \< 0.01 was used to reject the null hypotesis. All the analyses were performed using a commercially available package (SPSS, Rel 11.0 2002. Chicago: SPSS inc).

RESULTS {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} summarizes the clinical characteristics of the two groups.

###### 

Clinical and standard echocardiographic characteristics of the studied sample

  Studied variables                  ALL patients (*n* = 21)   Controls (*n* = 21)   *P* value
  ---------------------------------- ------------------------- --------------------- -----------
  Age (years)                        24±4                      24±4                  \>0.9
  Sex (M/F)                          12/9                      12/9                  \>0.9
  Systolic blood pressure (mm Hg)    118±18                    115±10                0.53
  Diastolic blood pressure (mm Hg)   70±10                     75±10                 0.15
  Heart rate (bpm)                   77±10                     75±10                 0.56
  IVSEDD (mm)                        7±1                       7±1                   \>0.9
  PWEDD (mm)                         7±1                       7±1                   \>0.9
  LVEDD (mm)                         4.6 ±0.4                  4.7±0.4               0.42
  EF (%)                             64±4                      64±5                  \>0.9
  E (msec)                           90±12                     87±14                 0.46
  A (msec)                           52±11                     48±8                  0.18
  DT (msec)                          153±21                    143±44                0.35
  IVRT (msec)                        76±11                     71±10                 0.13
  MPI                                0.40±0.06                 0.39±0.05             0.56

IVSEDD = Interventricular septum end-diastolic dimension, PWEDD = Posterior wall end-diastolic dimension, EF = Ejection fraction, DT = Deceleration time, IVRT = Isovolumic relaxation time, MPI = Myocardial performance index, ALL = Acute lymphoblastic leukemia

The normal children did not significantly differ from patients in age, sex, heart rate, and blood pressure. Both groups had similar standard measurements of LV systolic and diastolic function (LV ejection fraction and mitral E/A ratios). The LV MPI in the study patients was not statistically different from that of normals \[[Table 1](#T1){ref-type="table"}\].

Longitudinal S and SR were similar to those measured in healthy subjects \[[Table 2](#T2){ref-type="table"}\].

###### 

Peak systolic longitudinal strain values (%) of the studied sample

  Studied variables   ALL patients (*n* = 21)   Controls (*n* = 21)   *P* value
  ------------------- ------------------------- --------------------- -----------
  A4C                                                                 
   Basal septum       −18±3                     −19±3                 0.29
   Midseptum          −18±2                     −22±3                 0.29
   Apical septum      −18±3                     −24±5                 0.12
   Basal lateral      −18±3                     −19±2                 0.21
   Midlateral         −18±2                     −20±4                 0.31
   Apical lateral     −19±3                     −23±3                 0.12

A4C = Apical 4 chamber view, ALL = Acute lymphoblastic leukemia

Radial S (17 ± 3% vs. 55 ± 6%, *P* \< 0.0001) and SR (2.1 ± 0.3 vs. 3.0 ± 0.8 1\\s, *P* \< 0.0001), assessed on the midsegment of the posterior wall from the parasternal views were significantly reduced when compared to healthy subjects \[[Table 3](#T3){ref-type="table"}\]. One patient (5%) had both peak systolic radial S and SR \< 2 SDs below the mean of normal subjects.

###### 

Peak systolic radial strain and strain rate values of the studied sample

  Studied variables      ALL patients (*n* = 21)   Controls (*n* = 21)   *P* value
  ---------------------- ------------------------- --------------------- -----------
  Strain (%)                                                             
   SAX                                                                   
   Posterior wall        17±3                      55±5                  \<0.0001
   PLAX                                                                  
   Posterior wall        20±5                      55±5                  \<0.0001
   Strain rate (1/sec)                                                   
   SAX                                                                   
   Posterior wall        2.1±0.3                   3.0±0.8               \<0.0001
   PLAX                                                                  
   Posterior wall        2.0±0.5                   3.1±7                 \<0.0001

SAX = Parasternal short axis view, PLAX = Parasternal long axis view, ALL = Acute lymphoblastic leukemia

DISCUSSION {#sec1-4}
==========

Doppler derived S and SR indices unmask early systolic abnormalities in long-term survivors of ALL treated with low cumulative dose of anthracycline.

Radial myocardial deformation is involved in systolic dysfunction, while longitudinal myocardial deformation is normal.

This finding may seem surprising since in several cardiac disease (coronary artery diseases or valvular heart diseases) longitudinal dysfunction generally appears very early as the first stage of subclinical myocardial damage,\[[@ref3][@ref7][@ref8]\] in contrast radial strain deteriorates later when ejection fraction starts to decrease.

Conversely, in our study we found an earlier involvement of the radial function. The possible explanation of this earlier radial functional deterioration may be related to the different mechanism leading to cardiac dysfunction in in long-term survivors of ALL treated with anthracycline.

Indeed, oxidative stress plays a major role in anthracycline-induced cardiomyopathy, stochastically involving myocites.\[[@ref2]\] The longitudinally directed fibers compose only a small portion of the myocardial mass,\[[@ref3]\] while myocardial fibers responsible of the radial function are quantitatively more represented,\[[@ref3]\] and thus more exposed to oxidative damage.

On the contrary in coronary artery disease or valvular heart disease the subendocardial layer, responsible of longitudinal function, is the first to be involved.

Significant abnormalities of S and SR occurred in presence of normal standard echocardiogrphic Doppler measures of LV systolic or diastolic function.\[[@ref1][@ref2][@ref9]\] These changes occurred at cumulative dosages as low as 100-210 mg/m^2^. In our sample, only four patients had a cumulative dosage between 200 and 210 mg/m^2^.

Of note, in our study MPI was not able to discriminate patients from controls. This finding is in agreement with previous report demonstrating that MPI is able to detect changes in global myocardial function in presence of a cumulative dose of antracycline ≥ 200 mg/m^2^.\[[@ref9]\]

In this preliminary study, the myocardial deformation indices appear to be a more sensitive noninvasive technique for detecting subclinical LV dysfunction than other echocardiographic measurements.

Study limitations {#sec2-2}
-----------------

This study was conducted using color Doppler derived S and SR. Thus, we are limited by angle dependency and we can only assess radial function at the level of the midsegment of the posterior wall. For the same reason, reliable CDMI data were obtained in all patients from the apical 4 chamber view, while relible data were obtained only from 80% of our patients in apical 2 chamber view. Conversely, color Doppler derived imaging is the only way to fully resolve SR which is less load dependent compared with S.\[[@ref3]\]
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